Abstract-At present, hydraulic actuators have been strongly highlighted in the shipbuilding industrial applications. The actuators are classified into three types according to their operation, such as scotch yoke, rack and pinion, rod and crank type. However, hydraulic actuators are more difficult than others electric motors because of nonlinear flow-pressure characteristics and many cases of torque between moving parts. In this paper, in order to obtain the data of the valve locking torque value of the scotch yoke, the pressure was applied at a pressure of 6~16 MPa and analysis by depending on cylinder diameter and yoke length using ANSYS tool. According to the results of generating torque value, it is understood that the torque increases as the cylinder diameter increases and the moment arm becomes longer. It can be also seen that the all average error rates of experimental values and program analysis values are only under the 3%. 
I. INTRODUCTION
Hydraulic actuators are not very common in high performance applications. However, especially hydraulic actuators are favorable due to their excellent rate of dimension to delivered torque. The hydraulic actuation system is applied marine system and shipbuilding industrial applications where high power density, high dynamic performance, robustness and overload capability are desired [1] [2] [3] . It has simple mechanism, the motion of the controlled mechanism is generally generated by the direct torque control. These control motions are applied to the system for a dynamical model. To obtain excellent accuracy of control, the torque should be used precisely. Therefore, the actuators have torque characteristic, torques make to reduce the accuracy of the controlled motion. If the magnitude of the torque becomes unstable, unnecessary inflow of fluid may cause safety accidents. Moreover, opening and closing of the valve will not operate properly and the piping system will be destroyed. However, precise control of hydraulic actuators is more difficult than those of the conventional electric motors due to the presence of nonlinear flow-pressure characteristics, variations in the trapped fluid volume in each actuator chamber, fluid compressibility and the friction between moving parts; variations of hydraulic parameters, presence of leakage and transmission nonlinearities. In order to solve this problem, a various types of study are carried by many researchers [4] [5] [6] [7] . Hydraulic actuators are classified into three types Rack&Pinion type, Scotch-Yoke type, Rod&Crank type [8] [9] [10] . Generally, Rack&Pinion type which is simple in structure and affordable is preferred, and the, ScotchYoke type can be manufactured in a large size, and it is used for a valve of a large size. In this study, the torque analysis of the scotch yoke type was carried out. In order to get the basic data of the valve locking torque of the scotch yoke type, the pressure was applied at a pressure of 6~16 MPa and investigated by depending on cylinder diameter and yoke length using ANSYS program using static method. II. NUMERICAL METHODS AND MODEL Figure 1 shows the scotch yoke type modelling and detailed analysis models which were middle type and End type when rotation is 45 degrees and 0 degree respectively that were shown in Figure 2 . There are 3 types of model ML400, ML600 and ML800. Detailed model sizes were shown in Table I . 
A. Static Structural Analysis
The analysis program was used for this research by ANSYS Ver 17.0 [11] [12] using static method. For the modelling, the size of elements influences the convergence of the solution directly and hence it has to be chosen with care. If the size of the elements is small, the final solution can be expected to be more accurate. The number of elements to be chosen for idealization is related to the accuracy desired, size of elements, and the number of degrees of freedom involved. The increase in the number of elements generally means more accurate results for any given problem. For this reasons, nodes for numerical analysis are 85,953 and Elements is 42,207 as shown in Fig 3. The contacts condition of Yoke and Pin was set to No separation. It was investigated each torque by operating pressure 6~16 MPa. Futhermore, properties of SCM440 were used for analysis were shown in Table  II . This analysis was investigated for the generated torque values by ANSYS program, according to the each model. Fig. 4-6 show the comparison of middle type and end type for the model of ML400, ML600 and ML800. These models were tested at a pressure of 6 to 16 MPa. As seen the Picture of ML400 model, this model was tested at a pressure of 6 to 16 MPa for the middle type and end type. On average, it could be seen that the torque value at the end type has increased by 35% from the middle type. It shows that the torque value increases as the moment arm becomes longer.
Working pressure (Mpa) In case of the ML600, this model was pressured at 6 to 16 MPa for the middle type and end type. On average, it shows that the torque value at the end type has increased by 60% from the middle type. It was revealed that the torque value increases as the moment arm becomes longer. In case of the ML800 which was tested at a pressure of 6 to 16 MPa for the middle type and end type. On average, it appears to be that the torque value at the end type has increased by 37% from the middle type.
In comparison the torque for two types of model, it is certain that the torque value of end type is clearly increased with moment arm compared to the middle type. In this regard, it was totally conformed that the torque value increases as the moment arm became longer. In order to make sure of computational analysis was properly proceed, it was investigated to compare experimental data and program analysis data. Figure 7 shows that middle type of model for the experimental data and analysis data by each model ML400, ML600 and ML800. It can be seen that the average error rates of experimental values and program analysis values are 2.9%, 4.1% and 6.6% respectively. Figure 8 shows that comparison of experimental data to program analysis by each model ML400, ML600 and ML800. It is certain that average error rates of experimental values and program analysis values are only 1.2%, 2.7% and 6.1% respectively. Finally, it was proved that the ANSYS analysis result is properly conducted and it is certain that the torque value of end type and middle type are clearly increased with the cylinder diameter and moment arm.
Working pressure (Mpa) 
IV. CONCLUSION
With the consideration of highly important torque used in marine systems and shipbuilding industrial applications for operating, each model was analysed to figure out how much torque generated. Models used in the study were three different cylinder size and moment arm size models. Experimental data were obtained by QRP tech, Co, south Korea before analysing by ANSYS to make sure that the analysis is properly conducted. The model, ML400, ML600 and ML800 which can be seen that the torque value at the end type has increased by 35%, 60% and 37% from the middle type respectively. As seen the comparison of experimental data and analysis data of middle type of model by each model ML400, ML600, ML800, it can be confirmed that the average error rates of experimental values and program analysis value are 2.9%, 4.1% and 6.6% respectively. The comparison of experimental data to program analysis by each model ML 400, ML600, ML 800 also have very small error rates of that only 1.2%, 2.7%, 6.1% respectively. In that regard, it was confirmed that the ANSYS analysis process is properly conducted and it is certain that the torque value of end type and middle type are clearly increased with the cylinder diameter and moment arm.
